Sheep breeding has been important in agribusiness, transforming the Brazilian productive scenario. However, it is still deficient due to the damages caused by infectious diseases. Leptospirosis is a severe disease with global distribution, caused by bacteria from the Leptospira genre affecting both humans and animals. The general infection is unapparent, or its clinical signs, when present, are similar to other infections. Brucellosis is an infectious disease caused by bacteria from the Brucella genre responsible for reproductive disorders in animals, especially ruminants. The purpose of this paper was to seroepidemiological study of Leptospira spp. and Brucella ovis in sheep and dogs from nonmechanized rural properties from the northwestern region in the state of Paraná, Brazil. In order to detect anti-Leptospira antibodies, microscopic agglutination (MAT) was performed. For anti-Brucella antibodies, the agar gel immunodiffusion assay (AGID) was performed. From the total 542 samples from sheep sera analyzed, 11.25% were considered reagent to Leptospira spp. and 18.26% to Brucella ovis. From the 36 dog samples, 25% were reagent to MAT and AGID. From the 32 properties analyzed, 75% were considered positive for leptospirosis and 56.25% for brucellosis. Antibodies against the most probable serovars were Hardjo (34.42%) and Butembo (44.44%) in sheep and dogs, respectively, and the variable exchange of animals among properties was associated to leptospiric infection (p=0.028) in sheep. Leptospirosis and brucellosis are present in the sheep herd and dogs in the rural properties studied, and such result is a warning of the zoonotic importance and the need to establish sanitary programs directed to these animal species. 
Introduction
The production of small ruminants has presented a global growth in recent years and sheep breeding has gained importance in the Brazilian agribusiness scenario. The country is considered the 8 th global producer, with a herd estimated in 14 million animals (MAPA, 2012) . A productive increase of 10% between 2005 and 2012 is due to the easy handling of the herd, occupying a smaller area, and consuming less feed. It has become an alternative income source to small and medium rural producers .
In contrast to the development of sheep breeding, Brazil has encountered difficulties for its evolution due to damages caused by infectious diseases, mainly those caused by Leptospira spp. and Brucella ovis. These diseases are responsible for economic losses due to reproductive problems such as abortions, return to estrum, perinatal mortality, as well as being a public health and occupational issue SANTOS et al., 2013) .
Leptospirosis is a zoonotic disease caused by the Leptospira spp bacterium. This is a cosmopolitan disease, endemic mainly in tropical and subtropical climate (FAINE et al., 1999) . This agent has a great number of serologic variants, which do not present host specificity, and can affect domestic and wild animals, as well as humans, representing, therefore, an important economic and public health issue GRESSLER et al., 2012; FARIAS et al., 2013) .
According to Melo et al. (2010) , sheep can acquire the infection by exposure to the urine of infected animals or to the water, pasture and feed contaminated with Leptospira spp. In the animal, Leptospira spp. can penetrate wounded skin and/ or mucosa, spread through the blood stream and start multiplying in several organs. However, the bacterium has the kidneys as preferential organs, where it causes severe lesions. It is then transported by urine to contaminate the environment (FAINE et al., 1999; CARVALHO et al., 2011; .
Sheep leptospirosis can be manifested in an acute, chronic or asymptomatic form. Characteristic clinical symptoms are septicemia, hemorrhage and nephritis, followed by jaundice, hemoglobinuria, bloody mastitis, return to estrous, abortion in ewes and hemolytic anemia in lamb with death on the first week of life (HERRMANN et al., 2004) . However, the most frequent form is the asymptomatic one. Therefore, from an epidemiological point of view, it is the most important one, since the introduction of animals with asymptomatic infection can ensure the persistence of the etiological agent in the herds stricken (ALVES et al., 2012) .
Brucellosis is an infectious disease caused by bacteria from the Brucella spp. genre responsible for reproductive disorders in animals, mainly in ruminants .
Transmission happens by the exposure to tissue from infected animals, through placenta, ingestion of water or feed contaminated with Brucella spp. (CASTRO et al., 2005) , fomites and artificial insemination (BRASIL, 2006) . Both fetuses and fetal annexes from aborted females contaminate the stables, pastures, water and feed, and are the main sources of infection for other animals as well as the human beings (FERNANDES, 2012) .
The disease in sheep is characterized by epididymitis in males, abortion in females, occurrence of stillbirth, birth of weak lamb and increase in perinatal mortality, causing a decrease in the reproductive efficiency of the herds (SOUZA et al., 2012) . In sheep, it has been described in different patients, being considered one of the main causes of reproductive loss of this animal species originated from the reduction of herd fertility (ESTEIN et al., 2002; CLEMENTINO et al., 2007; FERNANDEZ et al., 2012) .
Due to the absence of regional data and the economic importance of sheep production, the purpose of this paper was to seroepidemiological study of Leptospira spp. and Brucella ovis in sheep and dogs from non-mechanized rural properties from the northwestern region in the state of Paraná, Brazil.
Material and Methods

Sample and study location
In the period from January to July 2014, blood samples were collected from 542 mixed-breed sheep in reproductive age (above 08 months old) and from 36 mongrel dogs (above 01 year old) from 32 non-mechanized rural properties with reports of reproductive problems in the northwestern region in the state of Paraná, Brazil.
Properties considered as non-mechanized were all the properties observed, where there were no appropriate buildings or facilities (sheep pen and handling corral), with no sanitary, reproductive and feed zootechnical monitoring, where the animals were considered only as a complementary source of income, that is, not exclusively destined to the production of sheep.
At the blood collection, the animals were submitted to anamnesis and no clinical signs were observed for any disease. The collection of blood was performed by veterinarians through the puncture of the jugular vein, collecting approximately 10mL blood, which was immediately forwarded to the Laboratory of Preventive Veterinary Medicine and Public Health at Universidade Paranaense (UNIPAR). Upon arrival at the laboratory, the samples were centrifuged in order to obtain their sera. The sera were then divided into three aliquots with equal volume, stored in sterile flasks and kept at -20ºC until used in the serological exams.
Diagnoses performed
For the detection of anti-Leptospira spp. antibodies, the serum samples were submitted to the microscopic agglutination test (MAT) (RYU, 1970) at the Laboratory of Leptospirosis from the Department of Preventive Veterinary Medicine (DMVP) at State University of Londrina (UEL). A total of 22 reference serovars were used: Australis, Bratislava, Autumnalis, Butembo, Fortbragg, Castellonis, Bataviae, Canicola, Whitcombi, Cinoptery, Grippothyphosa, Hebdomadis, Copenhageni, Icterohaemorrhagiae, Panama, Pomona, Pyrogenes, Hardjo, Wolffi, Shermani, Tarassovi and Sentot, kept at 28ºC for 5 to 10 days in modified EMJH medium (DIFCO ® -USA) (ALVES, 1996) . Serum samples presenting at least 50% Leptospiras agglutinated in a dilution of 1:100 were considered reagent and were then diluted in the ratio of two in order to determine the maximum positive dilution.
The analysis of the results considered the serovar presenting the highest agglutinating titer as the most probable, and those presenting co-agglutination in the highest dilution were considered as only reagent for Leptospira spp. (BENITEZ et al., 2010) .
In order to detect anti-Brucella ovis antibodies, the serum samples were submitted to the agar gel immunodiffusion assay (AGID) at the Laboratory of Preventive Veterinary Medicine and Public Health at UNIPAR. A commercial kit prepared with Brucella ovis antigen (proteins and lipopolysaccharides) sample REO 198 ® , produced by Instituto de Tecnologia do Paraná -Tecpar was used. Samples presenting precipitation line between the well in the test serum and the antigen well were considered reagent, according to instructions from the manufacturer.
Research instrument
In order to detect variables associated to the different infections, the owners were interviewed, who answered a comprehensive epidemiological questionnaire. The questionnaire contained information on the productive purpose of the herd, exploitation of the property, size of the property, type of sheep breeding, sheep vaccination, sheep breed, animal exchange with other properties, presence of reproductive issues in the herd, frequency of reproductive problems, sheep in contact with other animals from other properties, sheep contact with wild animals, sheep slaughtering on the property, presence of dogs on the property, dog feeding and habits, presence of stray dogs on the property, presence of wild animals on the property, water source used by the animals, if the property shared water with other properties and if the property had veterinary assistance.
Statistical analysis
In order to verify the association of serological results from the rural properties to the different variables analyzed, the Fischer Exact Test in the Bioestat 5.0 program (AYRES et al., 2007) at significance level of 5% was used. Variables presenting p≤0.05 were considered as statistically significant.
Results
From the 32 properties studied, 24 (75%) were considered positive for leptospirosis and 18 (56.25%) for brucellosis.
For Leptospira spp., a total of 542 sheep and 36 dogs were analyzed, with 61 (11.25%) and nine (25%), respectively, being considered reagent at MAT.
Regarding the gender of sheep, 486 were female and 48 male, with 52% (56/486) female and 10.41% (05/48) being reagent to MAT. Among the 21 female and 15 male dogs, 33.33% (07/21) female and 13.33% (02/15) male were considered reagent to MAT. No statistically significant differences (p=0.9936 -sheep and p=0.2518 dogs) were observed when evaluating the gender variable of the animal with the disease studied.
The most probable serovars detected in sheep were: 21 Hardjo (34.42%), 12 Butembo (19.67%), eight Pomona (13.11%), five Autumnalis (8.19%), three Bratislava, Canicola and Pyrogenes (4.91%) each, two Australis (3.27%) and one Copenhageni, Grippotyphosa, Wolffi, Sentot (1.63%) each, with titers ranging from 100 to 1600.
The most probable serovars detected in dogs were: four Butembo (44.44%), two Autumnalis (22.22%), one Hardjo, Canicola and Holffi (11.11%) each, with titers ranging from 100 to 800.
Regarding the variables analyzed, the exchange of animals among properties (p=0.028) was associated to leptospiric infection (Table 1) .
For Brucella ovis, a total of 542 sheep and 36 dogs were analyzed, with 99 (18.26%) and nine (25%), respectively, being considered reagent at AGID. 
Discussion
This paper found 11.25% prevalence for Leptospira spp. in sheep, with 75% of the properties being considered positive for the disease. These results are higher than the ones found by and Alves et al. (2012) in the semiarid region in the state of Paraíba (PB), which presented, respectively, 7.60% and 5.41% animals reagent with 27.70% and 28.20% properties considered positive. However, they are lower than the ones found by Hashimoto et al. (2010) in the city of Jaguapitã in the state of Paraná, who detected 38.57% seroreagent animals and 100% positive properties.
Regarding dogs, a total of 25% of seroreagent animals in MAT were detected in this work. This result was higher than the studies by Jouglard and Brod (2000) in Pelotas (RS), Martins (2005) in Pirassununga (SP) and Fontes et al. (2013) in Andradina (SP), who detected 2.66%, 5.10% and 9.00%, respectively, in MAT. However, they are lower than the ones found by Lemos et al. (2010) and Castro et al. (2011) , who detected 37.00% and 38% reagent dogs in the cities of Aracaju (SE) and Uberlândia (MG), respectively.
The serological results of this work could have been influenced by the difference in the prevalence of animal leptospirosis in the corresponding study locations, as well as reflecting the period of the study, which might have provided greater or smaller probabilities of the infection affecting the animals (DREER et al., 2013) . Another factor that might have also contributed to the low prevalence on this study was the time the blood was collected from the animals, since most of the collection took place during the period considered of draught (May to August). Such assumption is corroborated by the work from Azevedo et al. (2004) , where the authors reported that the choice of the period of the year for collecting biological material might have influence on the positivity values of the animals, since the draught season reduces the environmental conditions that favor the survival of the etiological agent, and consequently the dissemination of the disease.
Another environmental factor to be considered for this low prevalence is the fact that the northwestern region of the state of Paraná is located in a region with soil cover characterized by medium to sandy soils, presenting values of over 70% sand in its composition, granting a high water permeability. This region is denominated as Caiuá Sandstone (EMBRAPA, 1999), which might have contributed for the non-survival of the microorganism, since it needs humidity for its survival.
The antibodies against the most probable serovars detected in sheep were: Hardjo (34.42%), Butembo (19.67%) and Pomona (13.11%). This is similar to the research by Herrmann et al. (2004) in Rio Grande do Sul (RS) and Escócio et al. (2010) in Sorocaba (SP), who detected 28.40% and 20.45%, also for the Hardjo serovar. However, they differed from the works of Marinho et al. (2012) , (Hebdomadis -18.10%) in the northwestern region of São Paulo (SP), Alves et al. (2012) , (Autumnalis -49.30%) in the semiarid region in Paraíba (PB), Carvalho et al. (2011) (Autumnalis -29.40% ) in the city of Teresina in Piauí (PI), Moraes et al. (2012) (Autumnalis -66.67%) in Igarapé-Açu (PA).
The presence of antibodies against different serovars in these studies indicate the presence of different host species in each location studied, since Leptospira spp. has a large number of serological variants, which do not present host specificity, but present preferential hosts. This fact can help the characterization of the epidemiology in each location/region GRESSLER et al., 2012; FARIAS et al., 2013) .
Regarding dogs, antibody against the serovar Butembo was the most prevalent (44.44%), which differs from the results by Fontes et al. (2013) in Andradina (SP) and Lemos et al. (2010) in Aracaju (SE), who detected Canicola (54.50%) and Autumnalis (32.40%), respectively. In this case, the different serovars detected can be related to the host species that cohabited with dogs, since the serovar Butembo was the most frequent one in this study, emphasizing the importance of rodent control in rural properties, since this animal species is considered the preferential and maintenance host for this serovar (LILENBAUM, 1996; FAINE et al., 1999) .
Regarding the variables analyzed in this study for sheep, the exchange of animals among rural properties was associated (p=0.028) to the leptospiric infection, which suggests the possibility of entrance of new animals in the rural properties without previous knowledge of their sanitary status, which could have possibly contributed to the sheep being exposed to the etiological agent.
There were no variable associated to the infection for dogs. However, Fernandes et al. (2009) associated leptospiric infection to the presence of rodents (p=0.006), which might explain the presence of antibody against the Butembo serovar in this study and consequently the importance of rodents in the transmission of leptospirosis to dogs.
For brucellosis, a prevalence of 18.26% in sheep and 56.25% positive properties were detected. Higher results were found by in Tocantins (TO), where they described 31.60% reagent sheep and 100% (14) properties were positive to agar gel immunodiffusion assay.
Nonetheless, lower results were found by Souza et al. (2011) in Bahia (BA), who detected 0.72% sheep and 8.62% properties positive in AGID. Lower results were also recorded by Silva et al. (2009) in Bahia (BA), Rizzo et al. (2009) In 43.75% of the properties studied, there was no presence of animals that were reagent in AGID for Brucella ovis. Similar situation was also found by Salaberry et al. (2011) in Uberlândia (MG) and Marinho et al. (2012) , in the northwestern region of the state of São Paulo (SP).
The use of agar gel immunodiffusion assay as the officially recommended technique for the serological diagnosis of B. ovis is justified, since according to Johnson and Walker (1992) , the reagents present cross-reaction with B. canis. This happens because they have a permanently rough colonial morphology, not presenting complete cellular wall lipopolysaccharides, resulting in antigenic similarity.
Among the dogs studied, 25% were reagent to AGID. Data obtained are higher than the ones by Azevedo et al. (2003) in Santana de Parnaíba (SP), Aguiar et al. (2005) in Monte Negro (RO), Vasconcelos et al. (2008) in Campina Grande (PB) and Bergo et al. (2013) in Umuarama (PR), where they obtained 2.20%, 3.60%, 2.35% and 13.04%, respectively.
The high serological prevalence in dogs in this study suggests their exposure to sheep and also to other animal species in the properties, since they are raised loose (AZEVEDO et al., 2003) , with free access to the entire property, which increases the chances of having contact with the etiological agent. Another important factor related to the free access in the entire property is the possibility of ingesting fetal remains from infected animals, increasing the chances of infection by Brucella ovis (FERREIRA et al., 2007) .
Regarding reproductive problems, this study did not present association to leptospiric (p=0.685) and brucellosis (p=0.722) infections, similar to the works by Alves et al. (2012) in the Brazilian semiarid region when studying sheep leptospirosis, and Juliano et al. (2011) in Bahia when studying sheep brucellosis.
The results of this study have shown that leptospirosis and brucellosis are present in the sheep herd and dogs in non-mechanized rural properties in the northwestern region of the state of Paraná (PR), being considered a source of infection to other animals and also to human beings. Moreover, this result is a warning of the zoonotic importance regarding leptospirosis for rural producers and workers, since they are in direct contact with reagent animals.
Conclusion
With the confirmation of the diagnosis for Leptospira spp. and Brucella ovis in the herd studied, it will be possible to adopt specific therapeutic and prophylaxis conducts for each disease, aiming to improve production.
The problems caused by infectious diseases in this study cause economic impacts, with direct losses related to mortality, morbidity, reduction in zootechnical production, infertility and indirect losses with the development of sanitary programs and trade barriers. Therefore, it would be interesting to develop an "experimental model" study in order to detect losses (financial profitability) by reproductive diseases in sheep, in order to observe the financial impacts generated by brucellosis and leptospirosis in sheep breeding.
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